The Incidence and Bacteriology of Bacteriaemiaa Study at Two Hospitals In the last decade the importance of bacterieemia and bacterioemic shock in hospital medicine has become more widely recognized. Finland et al. (1959) examined data collected at the Boston City Hospital between 1935 and 1957 and reported a marked rise in Gram-negative and staphylococcal bacteriemia and a corresponding fall in bacteriaemia due to Str. pyogenes and Str. pneumoniw.
The incidence of bacteriemia must obviously vary from hospital to hospital according to the selection of patients for admission. Edgware General Hospital is a community hospital which admits an unselected group of patients from domiciliary practice, whereas St Mary's Hospital is an undergraduate teaching hospital which in part admits selected patients to specialized units.
A study at Edgware during the period July 1967 -June 1968 showed the incidence of bacterisemia to be 2-1 per 1,000 admissions which is similar to that found by Watt & Okubadejo (1967) at the Hammersmith Hospital (17 per 1,000), but lower than that reported from the United States by Finland et al. (1959) -5-7 per 1,000, McCabe & Jackson (1962) -3 9 per 1,000, Weil et al. (1964) -2-8 per 1,000. In Scotland, Murdoch et al. (1968) reported an incidence of 3-2 per 1,000 admissions but this study was carried out in a hospital with a large infectious disease unit.
Bacteriaemia is a precise diagnosis based upon blood culture, but bacteritemic shock describes a clinical syndrome characterized by prostration, hypotension, pallor, a cold moist skin, collapse of superficial veins, mental confusion and oliguria (Weil & Shubin 1967) . The etiology of bacterial shock is not fully understood. All Gramnegative bacteria contain lipopolysaccharide in the cell wall and injection of this substance into the experimental animal produces clinical and pathological effects, some of which resemble those seen in patients with bactericmic shock. This similarity has led to the belief that it is the lipopolysaccharide (endotoxin) which is responsible for the syndrome. However, the relationship is not yet fully established because the effects of endotoxemia vary considerably in different animal species and, furthermore, endotoxin cannot be directly assayed in the blood of the shocked patient. An additional difficulty arises because shock due to Gram-negative and Grampositive bacteriaemia are indistinguishable, even though Gram-positive bacteria do not contain lipopolysaccharide in their cell wall.
The reported incidence of shock accompanying Gram-negative bacterilemia has varied from 15 to 52 % (Waisbren 1951 , McCabe & Jackson 1962 , Weil et al. 1964 , Melnick & Litvak 1966 , Murdoch et al. 1968 dence of positive isolations is between 5 4% and 10-8 % of the total number of specimens cultured. The frequency of isolation of Gram-negative and Gram-positive organisms differed at the two hospitals ( Table 2) : at St Mary's Hospital Gramnegative and Gram-positive organisms were isolated in almost equal numbers, but at Edgware General Hospital Gram-negative bacteriemia was more common than Gram-positive bacteriwmia (ratio 2-2:1). At Edgware Esch. coli was the most common pathogen and accounted for 43% of the total isolates, but a wide range of bacterial genera were isolated at both Edgware and St Mary's Hospitals (Table 2) . It can be seen that in 1967 at St Mary's Hospital Ps. wruginosa was a particular problem and was associated with a high incidence of infection due to this organism in patients receiving renal transplants.
Source ofBacteriamia andPredisposing Factors
The source of Gram-negative bacteriemia in the 35 Edgware patients was found to be the genito-urinary tract in 17 (48-5%), the gastrointestinal tract in 9 (26%), and individual cases were associated with meningitis or pulmonary infection. In 7 cases the source of bacteriaemia was not determined.
Many patients with bacteriemia had underlying conditions (Table 3) causing serious debilitating illness. Malignancy, urinary tract infection and other bacterial infections, recent major surgery on the gastro-intestinal or biliary tract, and steroid therapy were often found in association.
The development of shock in bacteriemic patients was associated with an increased mortality (Table 4 ). Of the 3 patients without shock who died, 2 had advanced malignant disease and the other was in chronic renal failure.
Bacteriawmia in Patients in a Renal Transplantation Unit
Patients with chronic renal failure are susceptible to all kinds of bacterial infection, and bacteriiemia is found to be a common complication in patients receiving renal transplants. This danger is probably due in part to the routine administration of steroid and immunosuppressive therapy. Because of their susceptibility, a constant bacteriological surveillance should be part of routine care, and daily examination of swabs and specimens from many different sites of the body including throat, faeces and urine should be carried out.
In spite of such precautions, bacterieemia occurred commonly in patients admitted to St Mary's Hospital for renal transplantation, and between January 1966 and June 1968, 18 (26%) of 70 patients developed Gram-negative bacteriicmia, and 7 (10%) Gram-positive bacteriiemia. Table 5 also shows that bacteriaemia was more than twice as common after transplantation than before. The organisms responsible in this specialized group of patients differed from those seen at Edgware General Hospital and the other departments of St Mary's Hospital. Ps. aruginosa was a particular problem and this organism accounted for 50% of patients with bacteriwmia due to Gram-negative organisms, whilst penicillinase-producing strains of Staph. aureus were the most common cause of Gram-positive bacteriiemia. 
Section ofSurgery
Predisposing Factors Bacteritemia in renal transplant patients is more likely to occur when serious underlying complications are present. During the preparation for and following renal transplantation, the most common complications were recurrent peritoneal infection due to dialysis, necrosis of the ureter, rejection of the grafted kidney and polar infection. Hematological disorders resulting from immunosuppressive therapy also occurred and lowered resistance to infection. Of the 25 patients who developed bacteriemia 13 had the serious complications described above and 11 of these were due to Gram-negative bacteria. Ps. acruginosa was almost invariably associated with underlying complications and the importance of non-viable tissue in allowing this organism to become established was apparent. Infection in patients with complications was frequently related to a fatal outcome (Table 6) , whereas in uncomplicated infections treatment was usually successful. It is particularly noteworthy that Gram-negative infections were fatal in 73 % of complicated cases.
Antibiotic Treatmentt of Bacterikmia
Patients who have not previously been treated in hospital and who are admitted from their homes frequently have infection due to sensitive strains of Esch. coli, whereas patients in hospital have infection due to organisms where the sensitivity cannot be predicted. Choice of an antibiotic will depend on the severity of the illness, knowledge of the bacterial ecology of the hospital, and the availability of an adequate microbiological service, since monitoring of blood levels of the antibiotic is especially important where renal function is impaired, and therefore the danger of toxicity from the antibiotic correspondingly greater. The main antibiotics for the treatment of bacterimmia are shown in Table 7 . However, in the severely ill patient the choice will often be between kanamycin and gentamicin, as these are active against the widest range of bacteria. In the patient from domiciliary practice where Esch. coli is a common Table 7 Guide to initial therapy for undiagnosed bacteri2mia (Gram-positive or negative) Dose (aver2ge) Gentamicin* 40-120 mg eight-hourly Kanamycin-250 mg six-hourly Carbenicillin 1 10 or more g/day Cloxacillin f 2-4 g/day Cephaloridine 4 or more g/day Ampicillin * 2-4 g/day Trimethoprim being assessed * Monitoring of blood levels to avoid toxicity essential * Suitable for patients from domiciliary practice only causative organism, ampicillin in large doses is usually an adequate initial cover, and cephaloridine is useful in patients allergic to the penicillin group of antibiotics. If a hospital accepts unselected patients Gram-negative bacteriemia may be the cause of admission, and 10 of the 35 Edgware patients were admitted with bacteriemia. By contrast all the patients at St Mary's developed the condition in hospital. Trimethoprim (often used in combination with sulphonamide) is a new chemotherapeutic substance which has a wide spectrum of activity against likely pathogens, and is attractive because preliminary studies show that it rapidly diffuses into the tissue fluidsa point of particular importance in treating patients with impaired body defences. Our experience and that of others (Darrell et al. 1968 ) has shown it to be effective for bacteriamia, but more studies are necessary before it can be recommended for general use. It must be noted, however, that it is without action on Ps. eruginosa.
Combinations of antibiotics in the early stages of treatment should be avoided if possible, for under these circumstances assay of individual antibiotic blood levels becomes difficult, inaccurate and sometimes impossible. However, in certain circumstances combinations of antibiotics may be needed, and gentamicin and carbenicillin, which may have a synergistic action against some bacteria (Brumfitt et al. 1967) , have been used successfully to treat Ps. ieruginosa infections which were not susceptible to either antibiotic used alone.
In severely ill patients much time and effort are needed in the laboratory for the control of chemotherapy. However, this seems justified because much better results follow and sideeffects are reduced or avoided.
Early Detection and Prophylaxis Because of the large variety of presentations of bacteriemia many patients become severely ill before diagnosis. Patients receiving immunosuppressive therapy or who are severely ill may respond atypically to the presence of bacteria in the bloodstream, and treatment with steroids may completely mask infection. Thus a series of blood cultures should be taken in all patients with unexplained fever or shock. Even if the patient is considered to be urgently in need of chemotherapy, this should be given only after taking a blood culture. Under other circumstances it is best to delay treatment until a series of cultures has been obtained. However, after five independent samples have been taken further cultures are unlikely to yield significantly improved results, and after obtaining this number treatment should be started. Principles governing the choice of initial therapy have already been described, but where infection is diagnosed clinically early treatment will often control infection and prevent the development of shock. Because of the uncertainty of oral absorption, therapy should always be started by the intramuscular or intravenous routes.
The use of prophylactic chemotherapy in hospitals may result in a patient developing a resistant bacterial flora, and evidence to justify its routine use is lacking. The dangers of inserting indwelling intravenous and urinary catheters in debilitated or seriously ill patients are still not sufficiently appreciated (Darrell & Garrod 1969) and are undoubtedly responsible for many cases of bacteriemia.
Gram-negative SepticeTmia -Clinical Aspects and Physiological Management
This contribution is concerned in particular with the question of septicoemic shock, that is to say with the patient who collapses in the postoperative period because of a Gram-negative infection, and with the management of this situation. From all accounts the condition is becoming more frequent. Altemeier et al. (1967) at the University of Cincinnati, for example, have published a series of nearly 400 cases and called attention to the steady increase in the incidence of Gram-negative septicemia in general surgical patients over the last twelve years. The fact that this is a hospital illness, very unusual amongst the domiciliary population, demonstrates that instrumentation, antibiotics and resistant strains of bacteria are concerned in its causation. The mortality is very high: the overall mortality in Altemeier's series was 52 %, although this declined in the later years of his study.
The dangers of Gram-negative infections are connected with the endotoxins which these organisms produce. There is no question that when Gram-negative bacteria disintegrate their bodies release noxious lipopolysaccharides, which have profound pharmacological effects (Fig 1) . The difficulty here is that these effects vary greatly with species, so that it is very difficult to know how to apply rational pharmacological treatment. 
